Resumen. El uso combinado de diferentes métodos de muestreo de ensambles de murciélagos se ha incrementado en las últimas décadas. El objetivo de este estudio fue evaluar la eficiencia de los inventarios de murciélagos comparando los parámetros del ensamble (riqueza de especies, abundancia y composición) usando los 3 métodos de captura convencionales (redes de niebla a nivel de sotobosque y sub-dosel, y trampas arpa), en una selva baja caducifolia de Yucatán, México. En las redes de sotobosque se registraron solamente especies de filostómidos, principalmente especies frugívoras y nectarívoras; mientras que en las trampas arpa, la mayoría fueron especies insectívoras de otras familias. Nuestros resultados indican que para el orden Chiroptera la combinación más eficiente de métodos de captura es el uso simultáneo de redes de sotobosque y trampas arpa. Sin embargo, se alcanza un inventario confiable de filostómidos sólo con las redes de sotobosque. Además, una combinación de redes de sotobosque y sub-dosel no provee una eficiente estrategia de muestreo.
Introduction
Adequate inventory efforts are the basis of our knowledge of species diversity at any given site. For bats, a variety of direct capture methods have been developed, among which mist nets and harp traps are the best known. Mist nets are practical for capturing the slower-flying species, which have a more manoeuvrable flight and emit lower frequency calls. They may be placed at different heights and orientations under a variety of conditions, from open to cluttered spaces, in vegetated areas or water bodies. Harp traps are useful for capturing fast-flying, lessagile species that emit high frequency calls and can be used in more restricted situations such as the entrance of a cave or within dense vegetation (Wilson et al., 1996; Berry et al., 2004) . Indirect techniques (i.e., ultrasonic detectors) enable the detection of species that are difficult to capture (O'Farrell and Gannon, 1999; MacSwiney et al., 2006) .
Recently, different sampling protocols have been developed and evaluated to improve the quality of bat inventories, including: the comparison of different horizontal (Carroll et al., 2002) and vertical (Bradshaw, 1996; Kalcounis et al., 1999; Bernard, 2001 ) arrangements of nets, the assessment of different sampling efforts (Esbérard and Bergallo, 2008) , the comparison of different net check schedules (MacCarthy et al., 2006) , the evaluation of different types of ultrasonic detectors (Fenton et al., 2001; Johnson et al., 2002; Milne et al., 2004) and their spatial orientation in forest interiors (Weller and Zabel, 2002) , as well as the consideration of serious issues related to mist net bias (Larsen et al., 2007) . Even the combined use of different techniques has been explored, such as: the comparison between different capture and acoustic detection methods (Kuenzi and Morrison, 1998; O'Farrell and Gannon, 1999; MacSwiney et al., 2008) , the comparison between a variety of capture methods (Francis, 1989) , and the combination of capture, indirect registration and roosting site searches (Mora et al., 2002; Flaquer et al., 2007) .
The objective of this study was to assess the efficiency of 3 conventional capture methods (ground-level and sub-canopy mist nets, and harp traps) to adequately describe assemblage parameters. Efficiency was defined as the ability to represent the maximum species diversity in samples with the minimum sampling time and effort. The particular objectives of this study were to compare different estimates of richness, abundance, and composition of a tropical bat assemblage which result from the use of different capture methods, and to analyze the complementarity between capture methods. The study was carried out in an area of deciduous lowland tropical dry forest in the north of the Yucatán Peninsula, Mexico. We predicted that the simultaneous use of 2 or 3 of these methods would be more efficient, allowing the detection of greater species richness than that recorded by any of the capture methods used alone.
Materials and methods
Study area. The study was carried out in the Dzibilchaltun National Park, in northwestern Yucatán, Mexico (21° 05' 32.4" N, 89° 35' 51.4" W) which covers a total area of 539 ha. Regional climate is hot and sub-humid with annual precipitation between 700 and 900 mm, with a rainy season from May to October and a dry season from November to April. The mean annual temperature is 28 ºC, with the maximum temperature reaching 40 ºC (Duch, 1988; SECOL, 1993) .
The vegetation type is lowland tropical dry forest, with tree heights ranging from 10 to 15 m, and the leguminous family being dominant. The oldest trees reach a diameter at breast height (DBH) of nearly 40 cm, although the DBH of the majority of trees is between 10 and 30 cm. At the interior of the study site there is an ellipsoid-shaped water body (cenote in Mayan), with a surface area of 60 m 2 and a depth of 0.5 m at its eastern edge and 45 m at its western edge (SECOL, 1993 (Morrison, 1978) , rain, or strong winds. To capture bats, we placed 3 mist nets at ground level and 3 mist nets at 8 m above ground level (sub-canopy), all of which were 12.0 m long by 2.6 m high with a 36 mm 2 mesh, as well as 2 four-line harp traps (Francis, 1989 ) that were 1.0 m wide by 1.2 m high. On each evening, the 6 mist nets and 2 harp traps remained open during a 6 hour period after dusk, and were monitored every 30 min. The mist nets were placed along open pathways within the forest around the cenote, while the harp traps were also placed around the cenote but in more restricted cluttered areas within the vegetation, however, because bats are able to detect where the nets are placed (Winhold and Kurta, 2008) , the nets were moved a few meters each sampling night, but placed in a site with the same vegetation structure. Captured individuals were marked with colour coded plastic collars for individual identification (sensu Medellín et al., 2000) , and released at the capture site within a period of less than 2 hours after capture.
The capture rate was estimated following the method proposed by Findley and Wilson (1983) , that is, by dividing the number of species or individual bats captured per night per net or trap (BNN or BNT), because although we used the same sampling design during all nights, the different size of nets and traps represent an inherent bias due to the differential setting area. Therefore, we use BNN or BNT rather than the traditional measure of sampling effort (length of mist nest by hours) (Medellín, 1993) , to prevent unwarranted variation and a false precision of the data (Pedersen et al., 2005) . Taking into account that bats tended to follow trails, both in open pathways or more cluttered areas, the area-level comparison may not be justified because the area of each net is similar to that of each trap over a trail (Francis, 1989) .
Comparison of assemblage parameters among capture methods.
To compare the species richness recorded among capture methods, we used 2 different measures: 1), total richness (accumulated alpha diversity), which is the total number of species recorded throughout the entire study, and 2), mean punctual richness (mean alpha diversity), which is the mean number of species recorded on each of the nights sampled. To analyze the total richness recorded with each capture method, we performed rarefaction curves, which were based on number of individuals as a measure of sampling effort to avoid confounding genuine differences in species richness with differences in trap efficiency (Willot, 2001) , and randomized 1 000 times to eliminate the influence of the order in which individuals are added to the total. We also calculated Chao indices as estimators of the maximum expected richness, as these indices assume homogeneity of the habitats sampled (Magurran, 2004) . The comparison of total richness was carried out by standardizing at the lowest abundance recorded on each single method. The rarefaction curves and the estimators of maximum expected richness were both carried out with EstimateS, version 7.5 (Colwell, 2005) . To test whether there were differences in the mean point richness and the bat capture rate between capture methods, we used the non-parametric Kruskal-Wallis (H) test (Zar, 1999) as the data were not normally distributed, using captures rates by net/trap by night as replicates. Given that there are no post-hoc tests available with this test we used paired comparisons between methods using the Bonferroni test to correct the level of significance (Rice, 1989) . These tests were carried out using the programme R version 2.8.1 (R Development Core Team, 2008) .
Species were classified into broad trophic guilds according to diet and foraging behaviour (Simmons and Voss, 1998) : 1), aerial insectivores (all non phyllostomids), 2), frugivores (carolliines and stenodermatines), 3), nectarivores (glossophagines), and 4), sanguivores (desmodontines). Given that phyllostomines were represented only by a single individual, the trophic guild of gleaning animalivore was excluded from this analysis. To test for differences in the proportion of guilds recorded using each capture method, we carried out a G test for contingency tables (Zar, 1999) . Complementarity between capture methods. To analyze the total richness recorded by combinations of capture methods we carried out rarefaction curves, with the same procedure of those with single methods, for all possible combinations of 2 capture methods and for the combination of the 3 capture methods, with the idea of identifying the combination that recorded the maximum total species richness. The rarefaction curves were carried out with EstimateS, version 7.5 (Colwell, 2005) . The comparison of total richness was carried out by standardizing the lowest abundance recorded in any combination of the methods.
The complementarity between capture methods was evaluated at different taxonomic levels by using Venn diagrams, where the number of exclusive and shared species, genera and families were compared between methods. With this information, we calculated the complementarity index proposed by Colwell and Coddington (1994) , which is expressed as a percentage and gives the value of 0 when the same species are found in both assemblages and 100 when the species are completely different.
Results

Comparison of the assemblage parameters between methods.
We recorded a total of 207 individuals from 17 species, with the Phyllostomidae being the most represented family (Table 1 ). The total sampling effort was considered to be adequate, as approximately 90% of the expected number of species for the study site were recorded (Chao1= 18, Chao2= 18.92). The greatest total richness and abundance was obtained with ground mist nets, followed by the harp traps and sub-canopy mist nets (Table 1, Fig. 1a) .
Total species richness was significantly higher in the ground mist nets (8 species) than in the sub-canopy mist nets and the harp traps (each with 6 species). Standardizing the rarefaction curves with 32 individuals, we found no significant differences between these last 2 capture methods (Fig. 1) .
The mean richness recorded per night was significantly higher both in harp traps and ground mist nets in relation to sub-canopy mist nets (H= 5.49, p= 0.019, and H= 6.34, p= 0.012), but it was not different between the former 2 methods (H= 0.39, p= 0.53). The bat capture rate per night had the same pattern, as it was significantly higher both in the harp traps and the ground mist nets than in the sub-canopy mist nets (H= 15.86, p < 0.001, and H= 5.41, p= 0.02), but the first 2 were not different between themselves (H= 2.24, p= 0.13). The proportion of individuals recorded in each trophic guild was different with each capture method (X 2 = 285, p < 0.001), with a higher proportion of aerial insectivores in the harp traps and frugivores in the mist nets at both heights (Fig. 2) . Complementarity between methods. Total bat species richness (17 species) was captured using a combination of ground mist nets and harp traps, which was also the combination that had the highest species completeness (92-94%), followed by both kinds of mist nets (80-81%) and sub-canopy mist nets with harp traps (46-80%) (Fig. 1b) .
After standardizing sampling effort to a total of 88 individuals (the lowest abundances recorded combining the capture methods, i.e. sub-canopy mist nets and harp traps), rarefaction curves show that the combination of ground mist nets and harp traps recorded a total richness significantly higher (14 species) than the 2 types of mist nets together (10 species) and the sub-canopy mist net and harp trap together (12 species). We found no significant difference between the last 2 combinations of capture methods (Fig. 1b) .
The maximum complementarity between pairs of capture methods was reached using ground mist nets and harp traps, at all taxonomic resolution levels (75% for families, 86% for genera and 88% for species; Fig. 3 ). Complementarity between harp traps and sub-canopy mist nets was intermediate, while the lowest complementarity was obtained between mist nets placed at different height levels. Interestingly, sub-canopy mist nets did not capture any exclusive bat species, while both ground-level mist nets and harp traps allow the capture of 5 exclusive species each (Fig. 3) .
Discussion
The number of bat species recorded in our study is the second highest among different locations historically sampled in the region, including other natural water bodies and artificial waterholes (swimming pools and ponds) in northern and northwestern Mérida city (Bowles et al., 1990) , natural and anthropogenic vegetation types (Cervantes, 2001) , and caves and caverns in a local reserve in the south of Mérida city (Ramírez, 2004) . The species richness in our study area is only lower than that of a site with a small man-made pond in which 18 species were recorded (Bowles et al., 1990) . This indicates that the bat species richness recorded in our study is an adequate representation of the bat diversity present in this region.
The total capture rate recorded in our study (1.08 bats per night per net/trap, BNN/T) is lower than the rate recorded in another study focused completely in cenotes (MacSwiney et al., 2007 (MacSwiney et al., , 2008 , which had a total capture rate of 4.19 BNN/T and used the same capture methods as we did, but with a different sampling design. This may be explained by the characteristics of vegetation in both studies and the species richness that each site can harbor. Although in MacSwiney et al. (2007) both forested (FOR) and pastureland (PAS) sites with or without cenotes (CEN) had higher bat capture rate than our study site (FOR= 5.14; CENFOR= 5.37; PAS= 1.49; CENPAS= 2.69 BNN/T, respectively), our site had a higher species richness than the PAS (14 species), similar to CENPAS and CENFOR, and lower than FOR (19 species). This indicates that the vegetation associated with the cenote, rather than the water body per se, may have important effects not only on bat abundance (MacSwiney et al., 2007) , but also on bat species richness independently of differences in bat abundance.
Even if we combine the results of 3 capture methods, we failed to capture 2 species previously reported at the study site (Molossus ater and Eptesicus furinalis; Bowles et al., 1990) . Indirect methods can improve the completeness of a bat inventory as they are able to record hard-to-capture species (O'Farrell and Gannon, 1999; Portfors et al., 2000; MacSwiney et al., 2006; Larsen et al., 2007) . In a later occasional sample in the site, we recorded these species with ultrasonic detectors, as well as other insectivorous species that fly over the canopy, such as molossids and emballonurids (Pech et al., 2010) .
Other factors that could improve the efficiency of bat species inventories are an increase in sampling effort each Venn diagrams representing the taxa (families, genera and species) recorded exclusively with each capture method and shared among them. The percentage of complementarity in species composition between the capture methods was calculated using the index described by Colwell and Coddington (1994) . * HT= Harp trap, G-Mn= Ground mist nets, SC-Mn= Sub-canopy mist nets. night, as well as an increase in the frequency of net/trap visits (checks) during the night. Studies with different sampling schedules have demonstrated that revising nets/ traps over shorter time periods (<10 min) can potentially increase the bat capture rate per night (MacCarthy et al., 2006) , and that keeping the nets open all night can increase the total accumulated species richness (Esbérard and Bergallo, 2008) . Such strategies could increase the punctual alpha diversity recorded. Comparison of capture methods. As in previous studies, none of the individual methods we used captured all of the bat species at the site (Simmons and Voss, 1998; Portfors et al., 2000; Bernard, 2001; Sampaio et al., 2003; Flaquer et al., 2007; MacSwiney et al., 2007 ). However, groundlevel mist nets may be considered the best choice for the inventory of phyllostomid bats, the dominant group in the Neotropics, as they are the most catchable bats when using this technique (Fenton et al., 1992; Simmons and Voss, 1998; Portfors et al., 2000; Larsen et al, 2007) . Indeed, this method allowed us to capture all of the expected species within this family.
In this study the use of harp traps enriched the overall species inventory by registering 6 insectivorous species from 3 different families. These species were probably attracted to the cenote because it is a source of water and insects throughout the year (Mickevièienë and Mickevièius, 2001; MacSwiney et al., 2009) .
The lower species richness and capture rate recorded in the sub-canopy mist nets could be due to the type and height of vegetation found at the study site that does not permit a great contrast between the vegetation strata. At sites with greater maturity of vertical and horizontal vegetation, it has been demonstrated that this technique can efficiently increase the completeness of an inventory (Simmons and Voss, 1998; Bernard, 2001; Kalko and Handley, 2001) , including other vegetation types in the same region (MacSwiney et al., 2007) . Complementarity between capture methods. Our results demonstrate that the combined use of different capture methods is necessary to obtain more complete inventories of bats, as different capture methods can capture different species (Portfors et al., 2000; Kalko and Handley, 2001; Flaquer et al., 2007; MacSwiney et al., 2007) . In some cases this allows for sufficient levels of inventory completeness, validating the extent of inferences about the bat assemblage as a whole (Clarke et al., 2005) . In our study, ground mist nets were the most appropriate for recording phyllostomid frugivores and nectarivores. Harp traps were the most appropriate for insectivorous bats of other families, as other studies have found in the Paleotropics (Francis, 1989; Kingston et al., 2003) and in the Neotropics (Clarke et al., 2005; MacSwiney et al., 2008) . This differential bat capture success is largely a result to the differences in flying mode and habitat use of the bat species due their diverse feedings requirements (Kalko, 1998) . Also, the different location where nets and traps were placed can be another source of variation (Carroll et al., 2002) .
In conclusion, our results indicate that for comparable data in the Yucatán lowland tropical dry forest, a program of rapid, inexpensive and easy-to-carry inventories can be achieved if bat diversity studies are taxonomically restricted to the family Phyllostomidae, which is reliably captured with ground-level mist nets. However, if the taxonomic interest is the order Chiroptera as a whole, the most efficient combination of capture methods is the simultaneous use of ground-level mist nets and harp traps. Simultaneous placement of ground level and sub-canopy mist nets does not provide an efficient sampling strategy given the low complementarity between these capture techniques.
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